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Abstract
Background: Congenital malformations occur in 3-4% of live births. Their prenatal detection is performed by
ultrasound screening. Any announcement about a suspected malformation is a source of stress for the parents, and
misdiagnosis during ultrasound screening can lead to expensive and sometimes iatrogenic medical interventions.
In this study, we aim to determine the false-positive rate, first overall and then by anatomical system, of ultrasound
screening for congenital malformations in the second and third trimesters of pregnancy.
Methods: Our sample includes all children born between 1 January, 2006, and 31 December, 2009, in the French
region of Auvergne, whose mother had a prenatal ultrasound diagnosis of a congenital malformation during the
second or third trimester of pregnancy confirmed by a follow-up ultrasound examination by an expert consultant
ultrasonographer. The study included 526 fetuses, divided in 3 groups: false positives, diagnostic misclassifications, and
true positives. The rates of false positives and diagnostic misclassifications were calculated for the sample as a whole
and then by anatomical system.
Results: Overall, the false-positive rate was 8.8% and the rate of diagnostic misclassification 9.2%. The highest
false-positive rates were found for renal and gastrointestinal tract malformations, and the highest diagnostic
misclassification rates for cerebral and cardiac malformations. The diagnostic misclassification rate was significantly
higher than the false-positive rate for cardiac malformations.
Conclusion: The false-positive rate during prenatal ultrasound is not insignificant; these misdiagnoses cause
psychological stress for the parents and overmedicalisation of the pregnancy and the child.
Keywords: Congenital malformation, Medical practice assessment, Prenatal diagnosis, Pregnancy, Ultrasound screening
Background
The French national health insurance fund reimburses
three ultrasound examinations during pregnancy, at 11-
13 weeks, 20-24 weeks, and 30-35 weeks, in accordance
with national guidelines [1]. In 2010, there were 802 224
births in metropolitan France [2], from 796 066 deliveries
and thus theoretically 2 388 198 ultrasound examinations.
A national survey in 2010 showed a mean number of
ultrasound examinations per pregnancy of 5 ± 2.5, up from
2003 when it was 4.5 ± 2.2 [3]. Congenital malformations,
nonetheless, occur in only 3-4% of live births, as we see
from the registries that monitor the incidence in various
countries, either nationally or regionally. Consequently, an
increasing number of ultrasounds are performed each year
in France, although the number of pregnancies with
anomalies is relatively small and has remained constant.
For these reasons, it becomes important to look at the
false-positive rate to assess our ultrasonographic practices.
Some publications based on these registry data have
looked at the sensitivity of prenatal ultrasound screening
in the general population [4-6], which rose from 41 to
60% during the 1990s and to 80% over the past decade
[7,8]. In the general population, the false-positive rate, all
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systems combined, has been estimated at 0.5 to 33.0%
[9-11]. A Spanish hospital-based study found an overall
false-positive rate of 9.3%, regardless of gestational age
[12]. This rate varies according to anatomical system [13].
Accordingly, an Italian study assessed it at 9-11% for sur-
gically curable malformations of the digestive organs and
chest [14]. Other studies have estimated it at 1.5 to 20.0%
in comparing prenatally-identified malformations with
post-mortem examination findings after terminations of
pregnancy [15-24].
To our knowledge, no population-based study has ana-
lysed the false-positive rate by anatomical system and
distinguished it (no malformation detected at birth des-
pite prenatal diagnosis) from the rate of diagnostic mis-
classifications (not all of the malformations suspected
prenatally were confirmed or error about the type of
malformation affecting the organ at birth).
Because most pregnancies are at low risk, any an-
nouncement about a suspected malformation is a source
of stress for the parents [25]. Moreover, any misdiagnosis
can lead to expensive and sometimes iatrogenic medical
interventions. Accordingly, reducing the number of false
positives at anomaly scans as much as possible is essential.
The principal objective of our study was to determine
the false-positive rate during the second and third trimes-
ters of pregnancy in Auvergne, a region of France. Our
secondary objectives were to assess the false-positive rate
by anatomical system and the diagnostic misclassification
rate.
Methods
Auvergne is a rural region in central France, with a popula-
tion estimated on 1 January 2009 at 1 343 964 inhabitants,
that is, 2.2% of the population of metropolitan (European)
France [26]. Auvergne has 10 maternity units (1 level III, 6
level II and 3 level I), coordinated by a perinatal network. It
has only one multidisciplinary prenatal diagnostic centre
(CPDP), which is located in the level III university hospital
centre and works with both the perinatal network and
the Auvergne study centre for congenital malformations
(CEMC-Auvergne). The CPDP’s purpose is to promote ac-
cess to all types of prenatal diagnosis, serve as a clinical and
laboratory reference centre for patients and physicians, and
provide opinions and advice concerning diagnosis, treat-
ment and prognosis to the physicians and clinical patholo-
gists who contact them when they suspect an anomaly in
an embryo or foetus. All fetal ultrasound anomalies identi-
fied throughout the region are presented to the CPDP for
their opinion during a weekly staff meeting, with remote
participation and teleradiology, in accordance with national
guidelines [27].
The CEMC-Auvergne registry is a regional, population-
based registry monitoring malformations in some 13 500
annual births. Terminations of pregnancy are included
regardless of term. Stillbirths are registered at a gestational
age of 22 weeks or more. Live born infants with malforma-
tions are identified up to the age of 1 year through volun-
tary reporting by the region’s hospitals and searches of
medical records of the maternity and paediatric units in
the area. Regardless of the child’s vital status, confirmation
of the malformation (or malformations) is obtained after
birth, by any means (including pathology examination of
foetus or child, in case of death), before it is included in
the CEMC-Auvergne database.
A registry representative participates routinely at these
weekly CPDP expert meetings and was thus able to collect
the names of all the children with a malformation sus-
pected before birth, who were thus “pre-included” in nom-
inative paper records (”pre-inclusion form”). Permanent
inclusion in the registry’s computerised database does not
occur until after birth, following examinations intended to
determine conclusively the presence or absence of the mal-
formation or misclassification about the malformed organ.
The source population of this study comprised chil-
dren whose mother had a prenatal diagnosis of a malfor-
mation after an ultrasound during the second or third
trimester of pregnancy and who were born in Auvergne
between 1 January 2006 and 31 December 2009.
Our sample included all those children whose mother
underwent a follow-up (second-look) ultrasound by a
CPDP ultrasonographer and whose file was considered at a
multidisciplinary CPDP meeting. Live-born or stillborn
children were included if they were delivered in a maternity
unit in Auvergne after 22 completed weeks of gestation
(≥ 22 weeks+0 d). Both the register and our study data-
base include in utero fetal deaths resulting from termi-
nations of pregnancy for fetal anomalies, in accordance
with French law.
The exclusion criteria were the absence of pathology or
other relevant examinations in cases of terminations of
pregnancy or in utero fetal or early neonatal deaths, or the
parents’ refusal to have a work-up that would confirm the
prenatal diagnosis during the baby’s first year of life, or the
impossibility of finding the results of work-ups that were
in fact performed. Our final sample therefore included 526
children (Figure 1).
After birth (or terminations of pregnancy), the children
were divided into three groups: the group of true positives,
that is, those for whom malformations detected prenatally
were confirmed during the postnatal examination; the
group of false positives, that is, the children with a total dis-
cordance (no malformation identified at birth); and the
group of misclassification errors (not all of the malforma-
tions suspected prenatally were confirmed by postnatal
examination or the malformation of the suspected organ
was confirmed at birth but the type of anomaly turned
out to be erroneous). Ventriculomegaly was considered
present if the width of the lateral ventricles, measured
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by ultrasound, ≥ 10 mm; it could be unilateral or bilateral.
Pyelectasis was defined by an anteroposterior diameter of
the renal pelvis > 5 mm between 20-29 weeks and >7 mm
between 30-40 weeks, over several examinations. An ab-
normal quantity of amniotic fluid was defined as either
oligoamnios [amniotic fluid index < 5th percentile] or
polyhydramnios [amniotic fluid index > 95th percentile]
[28]. Intrauterine growth restriction (IUGR) was defined
as a birth weight <3th percentile for gestational age [29]
according to the AUDIPOG (Association des Utilisateurs
de Dossiers Informatisés en Pédiatrie, Obstétrique et
Gynécologie) biometric curves [30].
The false-positive rate has as its numerator the number
of children with a total discordance of one or more mal-
formations identified in utero; its denominator is all 526
children in our study. The rate of misclassification errors
was calculated as the ratio of the number of children with
a partial discordance, again to all children in the study. To
calculate the rates by anatomical system, only the files in-
volving at least one malformation of the system consid-
ered were included, regardless of the number of systems
with anomalies. Thus the files involving several systems
were counted several times.
A Chi-2 test or Fisher’s exact test, as appropriate, was
performed for the categorical variables. Analysis of vari-
ance (ANOVA) was used for the continuous variables.
The level of statistical significance was set at 0.05. SAS
software (version 9.1, SAS, Inc, Cary, NC, 2002-2003)
was used to perform the analyses.
Results
The final analysis included files for 526 children, prenatally
diagnosed with 828 malformations. Malformations were
diagnosed in 339 of these files during the second trimester
and in 187 during the third (Figure 1).
Within this cohort, the mean maternal age was 29.4
(± 5.6) years. More than half (55.2%) had at least some
university-level education. Smoking during the first tri-
mester of pregnancy was noted for 28.5%. Maternal body
mass index (BMI) ≥25 was reported for 11.6%. A degree of
consanguinity with the spouse existed for 2.3% (Table 1).
A history of familial congenital malformations was re-
ported for 20.6% (Table 2). The mean number of previous
pregnancies was 1.3 (+/- 1.5), and the rate of previous
terminations 1.7%. The quantity of amniotic fluid was
abnormal in 14.3% of the pregnancies (Table 2).
Induced abortion occurred in 23.1% of the cases, and
71.7% of the children were live born (Table 3). The mean
gestational age at the prenatal malformation diagnosis
was 26.9 weeks (+/- 4.9). Each child had a mean of
2.1 (+/- 1.8) malformations in 1.5 (+/-1.1) anatomical
systems (Table 4).
Tables 1 to 4 summarise the social, demographic, med-
ical, obstetric and ultrasonographic data of mothers and
children. There was no difference between the three
groups for mothers’ characteristics, except for maternal
obesity, which was more frequent in the true-positive
group (p = 0.02) (Table 1). Previous spontaneous abortions
were more often reported in the misclassification group
Figure 1 Selection of files for this study.
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(p = 0.02), as was oligohydramnios (p = 0.01) (Table 2).
Terminations of pregnancy after 22 weeks were reported
more often in the misclassification group (p = 0.0001).
Gestational age at birth was higher in the group of false
positives (p = 0.001). Weight and height at birth were also
higher in the false-positive group, compared with the two
other groups (p = 0.001). Finally, intrauterine growth re-
striction (IUGR) was more frequent in the misclassifica-
tion group (p = 0.03) (Table 3). There were more isolated
malformations in the false-positive group and more mul-
tiple malformations (≥4) in the diagnostic misclassification
group (p = 0.0001). Moreover, in general, only one organ
was affected in the false-positive group, and several ana-
tomical systems were involved in the misclassification
group (p = 0.0001) (Table 4).
Among the 526 children, the false-positive rate was
8.8% (95% CI: 6.5-11.5) after the specialized follow-up
ultrasound, regardless of the term at ultrasound. The
false-positive rate was 7.9% (95% CI: 5.3-11.3) when the
malformation was screened during the second trimester
and the specialized follow-up ultrasound performed be-
tween 20 and 30 weeks, and 10.4% (95% CI: 6.5-15.6) when
the malformation was screened during the third trimester
and the specialized follow-up ultrasound performed after
30 weeks.
The overall diagnostic misclassification rate was 9.2%
(95% CI: 6.9-11.9); when the malformation was screened
during the second trimester and the specialized follow-
up ultrasound performed between 20-30 weeks, it was
10.8% (95% CI: 7.7-14.6), and when screening took place
during the third trimester and the specialized follow-up
ultrasound after 30 weeks, 6.3% (95% CI: 3.3-10.7).
Table 5 presents the rates of false positives and diagnos-
tic misclassifications according to the affected anatomical
system. Only the cardiovascular system showed a signifi-
cant difference between the false-positive group and the
diagnostic misclassification group, with a higher propor-
tion of cardiac malformations in the latter (p = 0.01).
Discussion
This study reports false-positive and diagnostic misclassifi-
cation rates during ultrasound screening in the general
population over a 4-year period. The false-positive rate in
this study (8.8%) is similar to that in recent data from the
literature, with rates between 9 and 12% [9,12,22,31]. The
oldest studies reported higher rates (up to 33%) [10]. This
rate therefore varies according to the study period: as pre-
natal diagnosis has improved with time, the false-positive
rate has become lower in the most recent studies and is
now consistent with our rate.
The rate of diagnostic misclassifications in our study
(9.2%) seems higher than those found in the literature,
which are around 3% [19-21]. This discordance may be
explained by our study’s coverage of two trimesters of
pregnancy; the literature appears to consider only the sec-
ond trimester (12-28 weeks) [15-24]. Moreover, the series
in the literature concern only cases of induced abortions
for severe malformations, which are most often well iden-
tified. We note that the cases with terminations in the
misclassification group in our study had all multiple
anomalies and that the incorrectly diagnosed malforma-
tions would not have influenced medical decision. The ob-
jective of this paper was to describe the global rate of false
positives, that is, all diagnoses of malformations that
Table 1 Social and demographic data
Total cohort
(n = 526) %
False positives
(n = 39) %
Misclassification
(n = 49) %
True positive
(n = 438) %
p1
Maternal age (n = 526) (n = 39) (n = 49) (n = 435)
<25 years 18.1 19.2 22.5 17.5 0.62
25-34 years 62.3 65.9 59.2 62.3
≥35 years 19.6 15.9 18.4 20.2
Educational level (n = 279) (n = 22) (n = 25) (n = 232)
Primary and middle school 24.6 20.8 20.0 25.4 0.81
High school 20.3 16.7 16.0 21.1
Post-secondary 55.2 62.5 64.0 53.5
Smoking (n = 482) (n = 40) (n = 43) (n = 399)
28.5 32.6 20.9 28.8 0.45
BMI2 ≥ 25 (n = 526) (n = 39) (n = 49) (n = 438)
11.6 8.5 0 13.2 0.02
Consanguinity (n = 526) (n = 39) (n = 49) (n = 438)
2.3 6.5 0 2.1 0.08
1Comparison of 3 groups: False positives, Misclassifications, True positives; 2BMI (Body Mass Index).
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turned out not to be present. It is important to note that
the false positive diagnoses in the misclassification group
may wrongly evoke suspected syndromes. Thus while they
may not influence the medical outcome of the pregnancy,
they may nonetheless induce specific unnecessary comple-
mentary examinations, be a source of stress and have costs
for society.
These rates are based on data from one regional pre-
natal diagnosis centre, where all pregnancies with sus-
pected foetal malformations are assessed, contrary to
published studies that compare several hospitals of dif-
ferent levels [9,22].
Somewhat surprisingly, the proportion of women with a
BMI ≥ 25 was higher in the true-positive group than in
the other two groups. This result is discordant with that of
the FASTER trial, which showed an inverse relation be-
tween maternal BMI and the false-negative rate [32]. This
overrepresentation of overweight women in the group of
true positives might be related to their overrepresentation
in the group with malformed children, because of the
teratogenic effect of some maternal diseases found more
frequently in this population (especially diabetes). It is im-
possible to study the predictive factors for false positive or
misclassified diagnoses because our database includes only
the children with a prenatal diagnosis of malformation;
the medical, social and demographic characteristics of the
pregnancies studied might thus be different from those of
pregnancies with no anomalies.
Table 2 Medical and obstetric data
Total cohort False positives Misclassification True positive P6
(n = 526) (n = 39) (n = 49) (n = 438)
% [m ± SD] % [m ± SD] % [m ± SD] % [m ± SD]
Number of pregnancies1 (n = 526) (n = 39) (n = 49) (n = 438)
[1.3 ± 1.5] [1.1 ± 1.3] [1.7 ± 1.8] [1.3 ± 1.5] 0.38
Miscarriages (n = 518) (n = 39) (n = 49) (n = 430)
9.6 17.1 34.7 18.1 0.02
Elective termination (n = 519) (n = 39) (n = 49) (n = 431)
12.9 6.4 16.3 13.2 0.31
TOPFA2 (n = 517) (n = 39) (n = 49) (n = 429)
1.7 4.3 2.0 1.4 0.16
Nulliparous (n = 524) (n = 39) (n = 49) (n = 436)
48.1 46.8 44.9 48.6 0.44
Maternal diseases3 (n = 520) (n = 39) (n = 49) (n = 432)
Diabetes 5.3 6.4 4.1 6.3 0.87
Epilepsy 0.9 0 0 1.2 0.37
Hypertension 0.8 2.1 0 0.7 0.35
Familial malformations (n = 525) (n = 39) (n = 49) (n = 437)
Similar malformation 6.9 0 6.1 7.8 0.11
Different malformation 14.6 8.5 10.2 15.8 0.27
Multiple pregnancy (n = 526) (n = 39) (n = 49) (n = 438)
3.4 0 8.2 3.2 0.08
ART4 (n = 520) (n = 38) (n = 46) (n = 436)
6.1 2.2 8.7 6.2 0.68
PRD5 (n = 508) (n = 38) (n = 47) (n = 423) 0.64
33.1 28.3 29.3 34.0 0.64
Amniotic fluid anomaly (n = 516) (n = 39) (n = 49) (n = 428)
Oligoamnios 7.7 0 18.4 7.5 0.01
Hydramnios 6.6 2.1 8.2 6.8
1Number of pregnancies, mean. 2 TOPFA (Termination Of Pregnancy for Fetal Anomaly):In France, when a termination of pregnancy is envisaged for the reason
that there is a strong probability that the child has a particularly severe condition recognized as incurable at the time of diagnosis, a multidisciplinary team from
the authorised antenatal diagnostic center is responsible for examining the woman’s request and issuing an advisory opinion. If at the conclusion of this team’s
assessment, two physicians consider that there is a strong probability that the child has such a condition, they complete a written attestation, one copy of which
is provided to the woman. 3Maternal chronic disease (preceding the pregnancy) 4ART (Assisted Reproductive Technologies) 5PRD (Pregnancy related diseases
including pregnancy related diabetes or hypertension, preeclampsia, etc.) 6Comparison of 3 groups: False positives, misclassifications, True positives.
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Most of the malformations in the false-positive group
were isolated, as previously reported in the literature [12].
They thus differ from the diagnostic misclassification cat-
egory, where there are more often multiple malformations
involving several anatomical systems. This characteristic is
also present in studies of correlations between prenatal data
and autopsy diagnoses, where most of the fetuses have mul-
tiple malformations, which can induce some difficulties in
interpreting the ultrasonographic images [10,22]. It has
already been reported that the value of ultrasound is limited
in situations with multiple malformations [23,33]. Comple-
mentary imaging by nuclear magnetic resonance (NMR)
appears more effective in some cases [33]. As a conse-
quence, terminations of pregnancy were more frequent in
the misclassification group as the overall malformations
were more severe than in the other two groups. No termin-
ation of pregnancy was performed for any of the malforma-
tions in the false-positive group, for none of them suggested
that “there was a strong probability that the child to be born
would have a severe condition recognized as incurable at
diagnosis,” the criterion for termination under French law.
Oligohydramnios was also present more often in the
misclassification group; as already reported, oligohydram-
nios may lead to inconclusive ultrasonographic diagnoses
[34]. Finally, IUGR affected more children in the misclassi-
fication group; it has previously been demonstrated that
risk of IUGR is frequently associated with a high number
of malformations [35].
The study of the false-positive rate by anatomical sys-
tem shows that these were most often gastrointestinal
tract and kidney malformations. These results are
equivalent to those in the Eurofetus study, where anom-
alies of the urinary tract and gastrointestinal system
respectively accounted for 16.5% and 15.2% of the false-
positive diagnoses [9] and in the Spanish hospital-based
study, where urinary tract anomalies had the highest
Table 3 Obstetric and neonatal outcome
Total cohort False positives Misclassification True positives p1
(n = 526) (n = 39) (n = 49) (n = 438)
% [m ± SD] % [m ± SD] % [m ± SD] % [m ± SD]
Year of birth (n = 526) (n = 39) (n = 49) (n = 438)
2006 22.5 17.0 26.6 22.5 0.49
2007 25.1 21.3 20.4 26.0
2008 28.1 34.0 28.6 27.4
2009 24.3 27.7 24.5 23.9
Female (n = 526) 45.9 (n = 39) 44.7 (n = 49) 48.9 (n = 438) 45.7 0.89
Pregnancy outcome2 (n = 526) (n = 39) (n = 49) (n = 438)
TOPFA< 21 weeks 2.3 0 4.2 2.3 0.39
TOPFA ≥ 22 weeks 20.8 0 31.3 21.9 0.0001
In utero fetal death 2.5 0 2.1 2.7 0.50
Neonatal death 2.7 2.1 2.1 2.7 0.94
Term at birth (weeks) (n = 526) (n = 39) (n = 49) (n = 438)
[35.5 ± 6.1] [39.4 ± 1.9] [34.2 ± 6.5] [35.2 ± 6.2] 0.001
Weight (g) (n = 526) (n = 39) (n = 49) (n = 438)
[2588 ± 1134] [3272 ± 525] [2265 ± 1211] [2551 ± 1147] 0.001
IUGR (3rd Percentile) (n = 482) (n = 39) (n = 44) (n = 399)
4.9 2.1 9.1 4.8 0.03
Height (cm) (n = 526) (n = 39) (n = 49) (n = 438)
[45.1 ± 7.7] [49.3 ± 2.1] [42.2 ±8.9] [44.9 ±7.8] 0.001
Type of malformation (n = 526) (n = 39) (n = 49) (n = 438)
Single 76.0 100 53.1 76.3 0.40
Multiple 8.2 0 22.5 7.3
Syndrome with normal karyotype 4.3 0 8.2 4.3
Chromosomal anomalies 11.4 0 16.3 12.1
1Comparison of 3 groups: False positives, Misclassifications, True positives.
2TOPFA (Termination Of Pregnancy for Fetal Anomaly).
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absolute number of false positives and those of the
gastrointestinal system had one of the highest false-
positive rates (11.6%) [12].
It has now been demonstrated that the course of pyelec-
tasis depends on its size [36]. Dilatation measured at
15 mm prenatally during the third trimester appears to be
the threshold value for suspecting the presence of renal
dysplasia or an underlying uropathy at birth. For dilatation
of 10 mm, spontaneous resolution is observed in nearly
35% of cases, and for dilatation less than 10 mm, resorp-
tion occurs in nearly 50% to 80% of cases [37,38]. In our
study of the 15 prenatal cases of isolated pyelectasis not
observed after birth, 12 had a renal pelvis smaller than
10 mm. However, pyelectasis can disappear because of
newborn dehydration at birth and be detected at a later
check-up. Infants in our study were followed up to one
year of age and thus received the maximum duration of
postnatal renal monitoring.
Data about diagnostic misclassifications are sparse; they
are grouped most often in the literature with the false po-
sitives [19,21,23]. Studies of the correlation between pre-
natal ultrasound scans and pathology examinations show
Table 4 Characteristics of malformations
Total cohort False positive Misclassification True positive p1
(n = 526) (n = 39) (n = 49) (n = 438)
% [m ± SD] % [m ± SD] % [m ± SD] % [m ± SD]
Term at prenatal diagnosis or malformation (weeks): (n = 526) [26.9 ± 4.9] (n = 39) [27.2 ± 5.2] (n = 49) [26.1 ± 4.8] (n = 438) [26.9 ± 4.9] 0.45
20-25 50.9 46.8 58.6 50.0 0.92
26-29 13.1 10.6 20.7 13.5
30-35 32.4 38.3 20.7 33.1
>35 3.6 4.3 0 3.4
Number of malformations (n = 526) (n = 39) (n = 49) (n = 438)
1 51.7 93.6 6.1 52.3 0.0001
2 21.9 4.3 32.7 22.6
3 13.7 2.1 22.5 13.9
≥ 4 12.7 0 38.8 11.2
Number of anatomical systems affected (n = 526) (n = 39) (n = 49) (n = 438)
1 71.9 100 48.9 71.9 0.0001
2 13.5 0 20.4 13.9
3 6.7 0 6.1 7.3
≥ 4 7.9 0 24.5 6.9
1Comparison of 3 groups: False positives, Misclassifications, True positives.
Table 5 Rates of false positives and diagnostic misclassifications by anatomical system (number of files)
Malformations identified in utero False positives Misclassification p4
% (95% CI) % (95% CI)
Bone malformations (n = 56) 3.6 (0.04-12.3) 12.5 (5.2-24.1) 0.10
Cardiac malformations1 (n = 86) 3.4 (0.07-9.5) 14.6 (8.0-23.7) 0.01
Cerebral malformations2 (n = 98) 7.1 (4.2-16.4) 15.3 (8.7-23.5) 0.22
Malformations of the respiratory system and intrathoracic organs (n = 16) 6.3 (1.5-36.4) 0 0.16
Craniofacial malformations (n = 45) 4.4 (5.4-15.1) 15.6 (6.5-29.5) 0.09
Malformations of the eyes (n = 4) 0 25 (0-67.4) 0.31
Malformations anterior abdominal wall (n = 14) 7.1 (0-20.6) 21.4 (4.6-50.8) 0.32
Malformations of genital organs (n = 35) 5.7 (2.4-28.1) 7.9 (1.7-21.4) 0.48
Renal malformations 3(n = 169) 11.8 (7.4-17.7) 13.6 (8.8-19.7) 0.65
Malformations of the gastrointestinal tract (n = 41) 12.2 (4.1-26.2) 9.8 (2.7-23.1) 0.73
1The specific cardiac anomaly most often misdiagnosed was ventricular septal defect (n = 5).
2The specific cerebral anomalies most often misdiagnosed were anomaly of the corpus callosum (n = 5) and ventriculomegaly (n = 5).
3The specific renal anomaly most overdiagnosed in the false-positive group was renal pyelectasis (n = 15).
4Comparison between 2 groups: False positives, Misclassification.
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that diagnostic misclassifications principally concern heart
disease [18,19,21], with the most frequent diagnostic error
that of a ventricular septal defect, which often marks
valvular disease [19,39]. Similarly, it has already been
shown that postnatal pathology examinations fail to con-
firm a substantial portion of cerebral malformations [23].
Moreover, moderate ventriculomegaly (with a size be-
tween 10 and 15 mm) may be a type of functional anomaly
that sometimes regresses during pregnancy [40,41]. The
ventricle size of the cases of isolated prenatal ventriculo-
megaly not confirmed after birth in our study ranged from
10 to 13 mm. It has been demonstrated that early cerebral
autolysis can also mask the presence of an anomaly during
the postnatal period and prevent diagnostic confirmation
of the prenatal imaging [23].
Corpus callosum agenesis is the most frequent commis-
sural malformation. The false-positive rate of ultrasound
screening for this malformation varies from 0 to 22%. It
may be over-diagnosed because of its association with ven-
triculomegaly, which may hinder adequate visualization of
the cerebral structures [42]. Three-dimensional sonog-
raphy makes it possible to acquire the foetal head volume
from the axial view and then, by reconstructing the image
with the multiplanar technique, to obtain a suitable view
of the corpus callosum without the technical difficulties of
2D-sonography. Second-step complementary NMR re-
mains, however, a clinically valuable adjunct to ultrasound
and provides additional information when the ultrasound
diagnosis is uncertain [43,44].
One limitation of our study is that the CEMC data-
base registers only children in whom malformations
have been confirmed after birth or induced abortion, so
that it is not possible to analyse the predictive values of
the ultrasound screening. Another limitation may be
the absence in our database of reliable data about the
mode of dating pregnancies: this information is missing
for many women. Nonetheless, in France the national
health insurance fund reimburses three ultrasound ex-
aminations during pregnancy; the first is performed be-
tween 11 and 14 weeks to determine term and measure
nuchal thickness as part of trisomy 21 screening. Ac-
cordingly, the pregnancy date is most often determined
by fetal ultrasound. The national survey perinatal found
that only 0.1% of women had no ultrasound during
pregnancy in 2003, and 0.2% in 2010 [45]. It is therefore
unlikely that our results are biased (as ultrasonographic
term is correlated with the beginning of pregnancy) by
the absence of data about early fetal ultrasound.
Conclusion
The prenatal ultrasound false-positive rate in the region of
Auvergne during the second and third trimesters was 8.8%.
This rate varied according to the anatomical system. These
erroneous diagnoses have psychological repercussions for
families and also engender costs for society, due to the
futile medical examinations. Continuation of this work
should seek to identify the factors that promote false-
positive prenatal ultrasound findings.
Ethical approval
IRB 5921 (CECIC, ethics committee) for Rhône-Alpes-
Auvergne (Grenoble) approved this study on June 19, 2012.
The database has been reported to the French Data Protec-
tion Authority (CNIL: Commission Nationale de l’Informa-
tique et des Libertés) as CNIL n° 1387396.
Abbreviations
CPDP: Multidisciplinary prenatal diagnostic centre; CEMC-Auvergne: Auvergne
study centre for congenital malformations; CNIL: Commission Nationale de
l’Informatique et des Libertés; BMI: Body mass index; IUGR: Intrauterine growth
restriction; NMR: Nuclear magnetic resonance; TOPFA: Termination of
pregnancy for fetal anomaly; PRD: Pregnancy-related diseases; ART: Assisted
reproduction technologies.
Competing interests
The author declares that they have no competing interests.
Authors’ contributions
ADL and FV conceived and designed the study. ADL performed statistical
analyses. FV validated the results. ADL drafted the manuscript, FV supervised
manuscript modification. HDL, CF, IP, DL and DG carried out clinical
assessments. All authors contributed to the interpretation and writing of the
paper and approved the final version.
Acknowledgements
This work was funded as part of the Hospital Clinical Research Programme,
in 2010, by the French Health Ministry.
Author details
1Service de Génétique Médicale, Centre Hospitalier Universitaire de
Clermont-Ferrand, Clermont-Ferrand, France. 2Pôle de Gynécologie-Obstétrique
et Reproduction Humaine, Centre Hospitalier Universitaire de Clermont-Ferrand,
Clermont-Ferrand, France. 3Clermont Université, Université d’Auvergne, EA 4681,
PEPRADE (Périnatalité, grossesse, Environnement, PRAtiques médicales et
DEveloppement), Clermont-Ferrand, France. 4CEMC-Auvergne, Agence
Régionale de Santé d’Auvergne, InVS, INSERM, Clermont-Ferrand, France.
5AUDIPOG (Association des Utilisateurs de Dossiers informatisés en
Pédiatrie, Obstétrique et Gynécologie), Faculté de Médecine RTH Laennec,
Lyon, France. 6R2D2-EA7281, Clermont Université, Université d’Auvergne,
Clermont-Ferrand, France. 7Place Lucie et Raymond Aubrac,
Clermont-Ferrand, Cedex1 63003, France.
Received: 10 September 2013 Accepted: 14 February 2014
Published: 24 March 2014
References
1. Rapport du comité national technique de l’échographie de dépistage prénatal.
http://lesrapports.ladocumentationfrancaise.fr/BRP/054000356/0000.pdf.
2. INED. http://www.INED.fr.
3. Ministère des Affaires sociales et de la Santé. http://www.sante.gouv.fr.
4. Dolk H, EUROCAT: 25 years of European surveillance of congenital
anomalies. Arch Dis Child Fetal Neonatal Ed 2005, 90:F355–F358.
5. Boyd PA, Devigan C, Khoshnood B, Loane M, Garne E, Dolk H: Survey of
prenatal screening policies in Europe for structural malformations and
chromosome anomalies, and their impact on detection and
termination rates for neural tube defects and Down’s syndrome.
BJOG 2008, 115:689–696.
6. Boyd PA, Rounding C, Chamberlain P, Wellesley D, Kurinczuk JJ: The
evolution of prenatal screening and diagnosis and its impact on an
unselected population over an 18-year period. BJOG 2012,
119:1131–1140.
Debost-Legrand et al. BMC Pregnancy and Childbirth 2014, 14:112 Page 8 of 9
http://www.biomedcentral.com/1471-2393/14/112
7. Anderson N, Boswell O, Duff G: Prenatal sonography for the detection of
fetal anomalies: results of a prospective study and comparison with
prior series. AJR Am J Roentgenol 1995, 165:943–950.
8. Pathak S, Lees C: Ultrasound structural fetal anomaly screening: an
update. Arch Dis Child Fetal Neonatal Ed 2009, 94:F384–F390.
9. Grandjean H, Larroque D, Levi S: The performance of routine
ultrasonographic screening of pregnancies in the Eurofetus Study.
Am J Obstet Gynecol 1999, 181:446–454.
10. Richmond S, Atkins J: A population-based study of the prenatal diagnosis
of congenital malformation over 16 years. BJOG 2005, 112:1349–1357.
11. Nakling J, Backe B: Routine ultrasound screening and detection of
congenital anomalies outside a university setting. Acta Obstet Gynecol
Scand 2005, 84:1042–1048.
12. Martinez-Zamora MA, Borrell A, Borobio V, Gonce A, Perez M, Botet F, Nadal A,
Albert A, Puerto B, Fortuny A: False positives in the prenatal ultrasound
screening of fetal structural anomalies. Prenat Diagn 2007, 27:18–22.
13. Nikkilä A, Rydhstroem H, Källén B, Jörgensen C: Ultrasound screening for
fetal anomalies in southern Sweden: a population-based study.
Acta Obstet Gynecol Scand 2006, 85:688–693.
14. Borsellino A, Zaccara A, Nahom A, Trucchi A, Aite L, Giorlandino C, Bagolan
P: False-positive rate in prenatal diagnosis of surgical anomalies. J Pediatr
Surg 2006, 41:826–829.
15. Isaksen CV, Eik-Nes SH, Blaas HG, Torp SH: Comparison of prenatal ultrasound
and postmortem findings in fetuses and infants with central nervous
system anomalies. Ultrasound Obstet Gynecol 1998, 11:246–253.
16. Isaksen CV, Eik-Nes SH, Blaas HG, Tegnander E, Torp SH: Comparison of
prenatal ultrasound and postmortem findings in fetuses and infants with
congenital heart defects. Ultrasound Obstet Gynecol 1999, 13:117–126.
17. Isaksen CV, Eik-Nes SH, Blaas HG, Torp SH: Fetuses and infants with
congenital urinary system anomalies: correlation between prenatal
ultrasound and postmortem findings. Ultrasound Obstet Gynecol 2000,
15:177–185.
18. Johns N, Al-Salti W, Cox P, Kilby MD: A comparative study of prenatal
ultrasound findings and post-mortem examination in a tertiary referral
centre. Prenat Diagn 2004, 24:339–346.
19. Kaasen A, Tuveng J, Heiberg A, Scott H, Haugen G: Correlation between
prenatal ultrasound and autopsy findings: a study of second-trimester
abortions. Ultrasound Obstet Gynecol 2006, 28:925–933.
20. Ramalho C, Matias A, Brandão O, Montenegro N: Critical evaluation of
elective termination of pregnancy in a tertiary fetal medicine center
during 43 months: correlation of prenatal diagnosis findings and
postmortem examination. Prenat Diagn 2006, 26:1084–1088.
21. Amini H, Antonsson P, Papadogiannakis N, Ericson K, Pilo C, Eriksson L,
Westgren M, Axelsson O: Comparison of ultrasound and autopsy findings
in pregnancies terminated due to fetal anomalies. Acta Obstet Gynecol
Scand 2006, 85:1208–1216.
22. Picone O, Levaillant J-M, Hirt R, Frydman R, Boulvain M, Senat M-V: Correlation
between referral ultrasound with suspected foetal anomalies and autopsy
examination in two prenatal diagnosis centres. Impact of the routine use
of 3D/4D scan. Prenat Diagn 2008, 28:191–196.
23. Antonsson P, Sundberg A, Kublickas M, Pilo C, Ghazi S, Westgren M,
Papadogiannakis N: Correlation between ultrasound and autopsy
findings after 2nd trimester terminations of pregnancy. J Perinat Med
2008, 36:59–69.
24. Vogt C, Blaas H-GK, Salvesen KÅ, Eik-Nes SH: Comparison between
prenatal ultrasound and postmortem findings in fetuses and infants with
developmental anomalies. Ultrasound Obstet Gynecol 2012, 39:666–672.
25. Viaux-Savelon S, Dommergues M, Rosenblum O, Bodeau N, Aidane E,
Philippon O, Mazet P, Vibert-Guigue C, Vauthier-Brouzes D, Feldman R,
Cohen D: Prenatal ultrasound screening: false positive soft markers may
alter maternal representations and mother-infant interaction. PLoS ONE
2012, 7:e30935.
26. INSEE. http://www.INSEE.fr/fr/INSEE-regions/auvergne.
27. Collège National des Gynécologues et Obstétriciens Français. http://www.
cngof.asso.fr/D_TELE/100513_rapport_echo.pdf.
28. Magann EF, Sanderson M, Martin JN, Chauhan S: The amniotic fluid index,
single deepest pocket, and two-diameter pocket in normal human preg-
nancy. Am J Obstet Gynecol 2000, 182:1581–1588.
29. Lee PA, Chernausek SD, Hokken-Koelega ACS, Czernichow P:
International Small for Gestational Age Advisory Board: International
Small for Gestational Age Advisory Board consensus development
conference statement: management of short children born small for
gestational age, April 24-October 1, 2001. Pediatrics 2003,
111(6 Pt 1):1253–1261.
30. Association des Utilisateurs de Dossiers Informatisés en Pédiatrie, Obstétrique et
Gynécologie. http://www.audipog.net/.
31. Romosan G, Henriksson E, Rylander A, Valentin L: Diagnostic performance
of routine ultrasound screening for fetal abnormalities in an unselected
Swedish population in 2000-2005. Ultrasound Obstet Gynecol 2009,
34:526–533.
32. Aagaard-Tillery KM, Flint Porter T, Malone FD, Nyberg DA, Collins J,
Comstock CH, Hankins G, Eddleman K, Dugoff L, Wolfe HM, D’Alton ME:
Influence of maternal BMI on genetic sonography in the FaSTER trial.
Prenat Diagn 2010, 30:14–22.
33. Amini H, Wikström J, Ahlström H, Axelsson O: Second trimester fetal
magnetic resonance imaging improves diagnosis of non-central nervous
system anomalies. Acta Obstet Gynecol Scand 2011, 90:380–389.
34. Nikkilä A, Källén B, Marsál K: Fetal growth and congenital malformations.
Ultrasound Obstet Gynecol 2007, 29:289–295.
35. Khoury MJ, Erickson JD, Cordero JF, McCarthy BJ: Congenital
malformations and intrauterine growth retardation: a population study.
Pediatrics 1988, 82:83–90.
36. Al-Shibli AI, Chedid F, Mirghani H, Al Safi W, Al-Bassam MK: The significance
of fetal renal pelvic dilatation as a predictor of postnatal outcome.
J Matern Fetal Neonatal Med 2009, 22:797–800.
37. Chapman T: Fetal genitourinary imaging. Pediatr Radiol 2012,
42(Suppl 1):S115–S123.
38. Cohen-Overbeek TE, Wijngaard-Boom P, Ursem NTC, Hop WCJ, Wladimiroff
JW, Wolffenbuttel KP: Mild renal pyelectasis in the second trimester:
determination of cut-off levels for postnatal referral. Ultrasound Obstet
Gynecol 2005, 25:378–383.
39. Clur SA, Van Brussel PM, Ottenkamp J, Bilardo CM: Prenatal diagnosis of
cardiac defects: accuracy and benefit. Prenat Diagn 2012, 32:450–455.
40. Levine D, Feldman HA, Tannus JFK, Estroff JA, Magnino M, Robson CD,
Poussaint TY, Barnewolt CE, Mehta TS, Robertson RL: Frequency and cause
of disagreements in diagnoses for fetuses referred for ventriculomegaly.
Radiology 2008, 247:516–527.
41. Weichert J, Hartge D, Krapp M, Germer U, Gembruch U, Axt-Fliedner R:
Prevalence, characteristics and perinatal outcome of fetal ventriculomegaly
in 29,000 pregnancies followed at a single institution. Fetal Diagn Ther 2010,
27:142–148.
42. Santo S, D’Antonio F, Homfray T, Rich P, Pilu G, Bhide A, Thilaganathan B,
Papageorghiou AT: Counseling in fetal medicine: agenesis of the corpus
callosum. Ultrasound Obstet Gynecol 2012, 40:513–521.
43. Rizzo G, Pietrolucci ME, Capponi A, Arduini D: Assessment of corpus
callosum biometric measurements at 18 to 32 weeks’ gestation by
3-dimensional sonography. J Ultrasound Med 2011, 30:47–53.
44. Tonni G, Grisolia G, Sepulveda W: Second trimester fetal
neurosonography: reconstructing cerebral midline anatomy and
anomalies using a novel three-dimensional ultrasound technique.
Prenat Diagn 2013. in press.
45. Ministère des Affaires Sociales et de la Santé. http://www.sante.gouv.fr/
drees/rapport/perinat2003t2.htm; http://www.perinat-france.org/
upload/professionnelle/plan/enquete_nationale/enquete_
perinatale_2010_premiers_resultats_situation.pdf.
doi:10.1186/1471-2393-14-112
Cite this article as: Debost-Legrand et al.: False positive morphologic
diagnoses at the anomaly scan: marginal or real problem,
a population-based cohort study. BMC Pregnancy and Childbirth
2014 14:112.
Debost-Legrand et al. BMC Pregnancy and Childbirth 2014, 14:112 Page 9 of 9
http://www.biomedcentral.com/1471-2393/14/112
